Abstract. Based on the contact geometry characteristics of tapered roller and oilstone in the super-finishing process and the relative motion relation principle, the mathematical model of single abrasive trajectory on the outer surface of the oilstone was established. The model and their parameters estimation were simulated with MATLAB. The influences of the key elements on the 3D surface morphology and the surface quality of the work-piece were analyzed. The changing abrasive trajectory of the tapered roller in the super-finishing region is the principal factor that causes the dynamical variation of work-piece surface quality. The results are given as follows. With the increase of the amplitude of oilstone and the frequency of oilstone, the abrasive trajectory numbers increase accordingly. In a certain speed range, the abrasive trajectory increases with the decrease of the through-speed.
Introduction
The tapered roller is a key component of rolling bearings [1] . The shape of the roller crown is important to roller quality [2] .Both theoretical analysis and experimental verification have proven that logarithmic crown is perfect [3] . The logarithmic crown has a positive effect on improving contact stress distribution of rollers and raceways and it is important for improving quality and life of rolling bearings [4, 5] . Super-finishing is the most important process to machine the roller crown [6] . Yet formation mechanism of roller crown is not clear in theory. The distribution condition of oilstone abrasive is an important factor which influences the material removal rate in tapered roller super-finishing process. This paper draws lessons from trajectory model of the abrasive, bases on experimental data and parameters, and analyses contact surface topography in super-finishing area. . (1) where, R represents big endian radius of work-piece, L represents tapered roller cone length; represents the half cone angle tapered roller, represents rotational speed of the roller. The velocity of the work-piece along the straight line is as follows.
Processing Method of the Through-feed Super-finishing
.
where, represents rotational speed of the roller, h represents spiral lead of the guide roller. The rotation speed of the work-piece is as follows.
It is assumed that the oscillating equation of the whetstone is as follows.
By mathematical knowledge, the oilstone reciprocating oscillation speed is as follows.
where, A represents amplitude of the oilstone reciprocating oscillation, f represents the oilstone reciprocating oscillation frequency.
Establishment of motion model
Based on the relative motion analysis of the oilstone and the work-piece, the trajectory equation of any single abrasive particle on the surface of the tapered roller can be expressed at the t moment with the t time as the model variable. Therefore, the equation of motion trajectory of any single abrasive at the t moment on the surface of the tapered roller is as follows.
. (6)
The maximum time should be calculated to allow the abrasive to have enough time to remove the work-piece material. From the above analysis, it can be seen that the super-finishing time is the longest when the velocity is linear and uniform throughout. .
Simulation of surface topography of tapered roller
Based on the above theoretical analysis and the established mathematical model, the parameter values are estimated and the trajectory of the abrasive on the work-piece surface is simulated by MATLAB programming. The input parameters are as follows: oilstone frequency , oilstone amplitude , big end radius of the work-piece , half cone angle of the work-piece ，cone length , angular velocity . According to Eq.1, Eq.6 and Eq.7, Fig.3, Fig.4 and Fig.5 are obtained using MATLAB programming. Fig.3 The influence of A on abrasive trajectory Fig.4 The influence of f on abrasive trajectory Fig.5 The influence of on abrasive trajectory It can be seen from Fig.3 that when the other process parameters remain unchanged, the abrasive trajectory of the work-piece surface changes with the variations of the amplitude of the oilstone.
When the A increases, the cross grid density of tapered roller surface is higher, which is beneficial to storage grinding fluid and the amount of material removal on the work-piece surface is large.
It can be seen from Fig.4 that when the other process parameters remain unchanged, the abrasive trajectory of the work-piece surface changes with the variations of the frequency of the oilstone. When the f increases, the abrasive trajectory increases in the unit area, and the cross reticulate increases with the decrease of the surface roughness of the material.
It can be seen from Fig.5 that when the other process parameters remain unchanged, the abrasive trajectory of the work-piece surface changes with the variations of the linear through-feed speed ( ).The trajectory of abrasive on the work-piece surface decreases with the increase of the linear through-feed speed ( ) of the tapered roller.
From the above analysis, the number of abrasive trajectories and the number of intersecting lines determine the amount of material removal and the surface quality of the work-piece.
Conclusions
According to the analysis of the surface morphology of tapered roller and oilstone in through-feed super-finishing, we can reach some conclusions:
1) In super-finishing process, the motion trajectory of the oilstone abrasive on the surface of the work-piece is similar to the space sine curve. 2) In a certain range, the greater the amplitude of A and the greater the frequency of f, the higher the density of the cross grid of the tapered roller surface, the larger the amount of material removal on the work-piece surface, and the smaller the roughness of the surface of the grinding surface, so as to improve the surface quality of the work-piece. 3) In the case of stable motion, with the increase of the linear through-feed speed ( ) of the tapered roller, the abrasive trajectory numbers decrease accordingly and the less amount of the material removal.
